Bronchospirometry has for many years been a recognized method of investigating separately the function of each lung in chest disease in Scandinavia and the United States, but it has enjoyed little favour in Great Britain and is still regarded by many with disapproval. It is variously said that the information gained is of little use in the assessment of the cases, or that the procedure is too difficult to carry out, or that the trouble and danger to the patient are too great (Prime and McMichael, 1952) . Little more than fleeting reference has been made to it in the British literature and no British series has been published. Donald (1952) , in a general paper, has presented the subject in a very fair light, but many personal communications convince us that his views are far from being accepted. As we are confident that none of the criticisms mentioned can be made when the Carlens catheter (Carlens, 1949 ) is used, we present the follow-up and general observations on 125 cases investigated by this method. Bjorkman (1934) has reviewed the methods used before 1932, most of these being on animals. It was not until 1932 that Jacobaeus, Frenckner, and Bjorkman introduced a bronchoscopic method, and successful attempts were made in human subjects. Subsequent developments led to the introduction of the catheters of Gebauer (1939) , Zavod (1940) , and Norris, Long, and Oppenheimer (1948) . All of these have several disadvantages, the chief of which are the effects of resistance breathing (Cain and Otis, 1949) , the difficulties of manipulation, and the need for fluoroscopic control.
The introduction of the Carlens catheter surmounted all these difficulties. The relative merits of these various catheters and the general aspects of the subject are fully reviewed in a series of papers by Gaensler and various collaborators (Gaensler, 1952 (Gaensler, , 1953 Gaensler and Cugell, 1952a and b; Gaensler and Watson, 1952; Gaensler, Maloney, and Bjork, 1952; Gaensler, Patton, and Frank, 1953 ; Gaensler, Watson, and Patton, 1953) . Gaensler (1953) also analyses the results of 1,000 such investigations using various of the catheters mentioned. This paper reports the study of 125 cases investigated using the Carlens catheter, apd makes no mention of many previous studies made at this hospital using the earlier types of catheter. Marsh (1953) and Croce (1954) each describe catheter designs which they claim to be superior to the Carlens. We have no experience of these catheters, but have not found the Carlens catheter to have the defects which they ascribe to it.
APPARATUS
The Carlens catheter has been fully described elsewhere (Carlens, 1949; Gaensler, 1952; Gaensler and others, 1952) . The catheters ( Fig. 1) as supplied for the male and the female were used in the specified sex unless there was some special reason to believe that the other catheter would provide a better fit. It was commonly found that the catheters on delivery have cuffs which are hot sufficiently distensible and this is remedied by"-maintaining them inflated at a suitable pressure forf-some weeks before use.
The spirometer assembly (Fig. 2) consists of twin spirometers in closed circuits of the Knipping type, with soda lime absorption of the carbon dioxide and mixing within the circuit carried out by rotary pumps. The spirometer bells are of such dimensions that a movement of 1 cm. on the paper indicates a change of volume of 100 ml. This gives a light weight bell and a trace with a good excursion on quiet breathing. Pure oxygen was used in the circuits. The criticism has been made of this (Gaensler and Cugell, 1952a ) that it may obscure defects of function, but in our cases we did not feel this caused errors of any practical significance.
Each circuit is also fitted with the necessary accessories so that helium mixing runs by the group.bmj.com on October 14, 2017 -Published by http://thorax.bmj.com/ Downloaded from amethocaine to suck. The general procedure had been previously explained to the patient and throughout the subsequent manipulations, especially the intubations, a low-toned series of explanations and reassurances is maintained. This is most important in ensuring the maximum degree of relaxation and co-operation. Children were investigated with combined local and general anaesthetic.
LOCAL ANAESTHESIA.-NO more than 4 ml. of 1 % amethocaine is used. For (Fig. 1) . As the catheter is advanced down the trachea, the simultaneous appearance of a characteristic sense of resistance and a bout of coughing are good evidence that the hook has engaged the carina. The catheter is held in position and the cuffs are in turn inflated to the predetermined pressure. During this process, the ear is kept close to the catheter mouth to detect any wheeze or change in the air flow suggestive of obstructing an airway. The patient is then connected to the spirometer system with the taps turned so that he breathes into the atmosphere. At the end of an expiration the taps are then turned so that he breathes into the spirometer circuit.
After a few breaths, the appearance of the trace on the drum will confirm that the catheter is in the correct position and the cuffs properly inflated. Various patterns (Wright and Michelson, 1950) In the case of the first 90 patients, the investigations were carried out with specific surgery in mind, and the information given by the test was thought desirable (before the operation was proceeded with) by the physicians and surgeons in charge of the case. After these 90 cases the results had been found so encouraging that it was considered to be justifiable to investigate definite problems on a series of volunteers. The following details give a picture of the types of cases investigated in this series. Table I shows the diseases investigated: SEX.-There were 49 women and 76 men. It was soon recognized that women were much more easily intubated than men. This was felt to be partly due to anatomical factors, but chiefly to women's ability to relax and co-operate in the face of some discomfort. This virtue of the female sex is also very evident in the post-operative ward.
DISEASES INVESTIGATED
Most of the patients came from a small number of institutions, and had been suitably prepared for the investigation by those of their colleagues who had had the distinction of being previous subjects. Not unnaturally the latter had made the most of the experience that distinguished them from their fellows and, in spite of our explanations before the test, most of the patients were very pleasantly surprised at the little discomfort they suffered, and volunteered that their apprehension was much the worst feature of the test.
RESULTS
In all except one case, the quality of the tracing was such that useful information could be readily obtained. In this case, of a woman, the diameter of the trachea was such that the cuff of the female catheter would not fill it and yet the larynx was too small to allow the entry of the male catheter.
A successful tracing was later obtained using a female catheter fitted with a larger cuff.
The quality of the tracings usually differed little (Fig. 3) causes an irregular tracing, but such patients are usually so somnolent that 10 minutes or more of tracing can be taken and a base line drawn for the whole period (Fig. 4) . Coughing rarely caused disturbance to the tracing in the initial phases, though cough was sometimes initiated by the too rapid measurement of the expiratory reserve capacity. In such cases, the return of the tracing to the base line gives added confidence that there Right Lung is no leak around the cuffs.
MAXIMUM BREATHING CAPACITY. Carlens, 1951 ; Inada, Kishimoto, Sato, and Watanabe, 1954) .
In special cases, helium mixing curves were carried out in the two lungs simultaneously. This was of particular interest where unilateral emphysema was suspected.
NORMAL VALUES
Experience with a small series of near normal cases and of normals investigated using other catheters has led us to accept the values of Baldwin, Cournand, and Richards (1948) . These are that 55% of the total function of both oxygen uptake and ventilation is found in the right lung. Due to the departure from basal conditions, we express all our results only as a percentage of the total function and take no note of the absolute values found during the test. Overall absolute values can be more reliably measured using both lungs. RESULTS Slopes were drawn on the tracing (Fig. 3, etc. In bronchiectasis, there is a consistently similar finding (Long, Norris, Burnett, and Wester, 1950) , though in the cases investigated it was less marked than in the pneumothorax cases.
SEQUELAE
On the day of the test it was usual for the patient to have a slightly sore throat, especially on swallowing, and some hoarseness. To diminish this, it was suggested that whispers only be used during that day. The occasional patient coughed up a little blood-stained secretion immediately after the test. Most patients were content to spend much of the day sleeping after their premedication. Table IV shows the symptoms and signs reported in the days following the day of the test. PATIENTS' REACTIONS The questionnaire previously described was eventually returned in all cases, but the final question, asking the patient to put in order of preference the experiences of bronchography, bronchoscopy, bronchospirometry, and a visit to the dentist, was satisfactorily answered in only 105 cases. From our records we know that in the 125 cases, 88 patients had had bronchography, 33 bronchoscopy, and 29 both. Of the 105 replies, 61 (49%) patients gave bronchospirometry as their first choice and one patient actually claimed to be much improved after the investigation ! A simple method of scoring was used in an attempt to illustrate the relative popularity of these experiences; the first choice was given the score of 1, the second 2, etc. In most cases the score went up to 3, but only in those cases where bronchoscopy was included did it reach 4. This gives somewhat of a bias against bronchoscopy, but is more useful in the other cases, particularly with reference to the dentist, who is considered in the same number of cases as bronchospirometry. The total score for each experience was added up and divided by the number of scorers to give an average score (Table V) . November, 1953 , experienced the onset of general symptoms and of dyspnoea on exertion. A radiograph showed extensive old tuberculous disease on the right side with recent spread and cavitation. After treatment in bed with chemotherapy and postural retention the cavities closed (Fig. 7) . Bronchography confirmed that there was extensive disease in the right lung with destruction of the right upper lobe and the apical segment of the lower lobe. The M.B.C. was 100 l./min. It was considered necessary to know the function remaining on the right side so that the information was available if the question of pneumonectomy should have to be considered at thoracotomy. Bronchospirometry (Fig. 5) with 30'X,r, of the function on the right side showed that, from a functional point of view, right pneumonectomy was possible though not desirable.
. .. CASE 100. T. H. E., a boy aged 11 years, in January, 1954, had an acute right-sided pleural effusion, which was treated by bed rest and antibiotics, and in July, 1954, the appearances were as in Fig. 8 . Physical signs were definite but not gross. No parenchymal disease was demonstrated by tomography or bronchography. Bronchospirometry (Fig. 9) (Fig. 10) Fig. 5 ) and the state of the old left artificial pneumothorax. The bronchospirometric record of this case is shown in Fig. 13 . The function of the left lung (50%) has been less reduced than that of the right lung (cf. Fig. 15 spirometry (Fig. 17) showed that the left lung was performing 23% of the oxygen uptake and 27% of the ventilation. It was therefore considered that it would be desirable to preserve any useful lung on that side, but if this was not technically feasible pneumonectomy would be possible.
DISCUSSION
The results of this investigation stand out clearly. With the Carlens catheter, and with the procedure described and carried out in the type of case studied in this series, bronchospirometry is not a particularly unpleasant procedure for the patient. The patient, in fact, views it with considerably more favour than he accords to other more commonly carried out procedures. Once the equipment has been set up, the tests can be carried out quickly and smoothly by an operator experienced in tracheal intubation. Local anaesthesia need not be elaborate or prolonged; indeed, the initial tracheal injection of amethocaine is probably un-necessary and is often dispensed with. It cannot be too much stressed how important are patience and consideration for the patient.
The data obtained in all cases gave a clear indication of the relative functioning capacities of the two lungs, and such information was invariably found to be helpful in deciding the best treatment of the patient. This is particularly of value in cases with already impaired respiratory reserve, where it is often important to know the distribution of this function so that treatment is planned to impair it further as little as possible.
We have found this method of investigation of great importance in assessing the function after pleural effusion or artificial pneumothorax. We believe that it is impossible to make a reliable assessment of function in such cases on clinical or radiological grounds, and the results of bronchospirometry have so repeatedly given us unexpected information that we cease to be surprised.
Cases 5, 20, and 80 illustrate this point. In Case 5, a lung of almost normal radiological appearances had grossly reduced function, while in Cases 20 and 80 marked clinical and radiological changes were associated with relatively little change in function. Many similar examples could be quoted from the cases in this series, and we feel that bronchospirometry is the only method of study that gives a true indication of function in these patients.
Bronchospirometry is valuable in assessing the impairment of function after major surgery and other procedures, The information gained in the individual case can be of great value in planning further treatment where it proves necessary, and the research value of estimating the functional result after surgery is obvious.
We are impressed with the lack of function in segments which are seen to be bronchiectatic in the bronchogram, even in the absence of symptoms, and feel that the removal of such segments, whether their pathology has a tuberculous basis or not, causes no loss of lung function. No attempt has been made to cover completely the subject of bronchospirometry. This has already been very adequately done by the series of papers by Gaensler and others . The aim of this paper is to present bronchospirometry as a useful and harmless method of investigation which has hitherto been neglected in Great Britain.
SUMMARY
The literature on the general aspects of the subject of bronchospirometry has been briefly reviewed.
The apparatus and the method used in the studies of this series of patients are described.
The study and follow-up of 125 investigations by bronchospirometry indicate that this is a relatively simple and very useful method of study.
The results are invariably of value in the type of case studied in this series.
The investigation is not unduly unpleasant for the patient, and is associated with no risk.
